Organisms that are new to New Zealand are detected every year. These range from benign or saprophytic to significant pests. Currently, detection of exotic organisms relies on a combination of public submissions, reporting from research scientists and limited planned surveillance programmes. With the exception of the fruit fly surveillance programme, the Ministry of Agriculture and Forestry Biosecurity Authority (MAFBA) does not undertake active surveillance programmes for high impact exotic pests of horticulture and agriculture. This is seen as a potentially significant deficiency. The National Plant Pest Reference Laboratory (NPPRL) was commissioned by MAFBA to conduct pilot surveys of twelve high impact exotic pests to determine the resources required to plan, carry out field surveys and conduct laboratory identifications. The surveys were statistically designed to enable early pest detection and hence, maximise the probability of pest eradication. Pest selection was based on pest reputation, biology, epidemiology and the use of various diagnostic techniques to provide a variety of potential scenarios. This paper presents details of the sampling, statistical methods and resources that were used to compile information on active surveillance programmes for each pest.
INTRODUCTION
The Ministry of Agriculture and Forestry (MAF) has been conducting crop surveys for a number of years. Initial surveys concentrated on examining specific crops for all pests and diseases present (Bejakovich et al. 1998; Dymock & Holder, 1996; Braithwaite et al. 1998) . Recently, surveys of high impact exotic pests (HIEPs) were conducted to determine the resources required for planning, carrying out field surveys and laboratory identifications in order to provide a high probability of detection of the pest if present. These HIEPs were defined as those with potential to cause severe economic losses in specific crops should they become established in New Zealand. A variety of different pests were selected to provide a range of life cycles and epidemiology on which to determine the scope of potential active surveillance inputs.
The primary aim of these surveys was to collect data about the time taken and costs required to survey for various pests and then extrapolate the data to estimate the resources required for a national survey for each pest. Early detection of these pests is critical for successful eradication. (Navajas et al. 2001) . The number of sites surveyed for each pest ranged from two for soilborne wheat mosaic virus to 64 for the glassy-winged sharpshooter (Table 1) . Survey sites were selected in areas of significant target crop production, in climatic zones suitable for pest development and areas of high risk of importation of pests, such as adjacent to ports. A total of 221 sites were surveyed throughout New Zealand over two seasons (Table 1) . Apple/Asian pear --1 1 -2 -1 --1 1 2 ---1 10 rust on Juniper Glassy-winged 1 51 -3 2 2 ----3 ----2 -64 sharpshooter Pierce's disease ----2 5 ---5 -2 --1 --15 Soil-borne wheat ------------1 1 ---2 mosaic virus Yellow peach moth -2 1 2 -4 ------2 -3 --14 Total 1 9 3 6 4 21 3 6 10 3 6 1 5 2 1 125
METHODS
Grand total 9 62 12 14 7 29 5 3 1 6 13 4 45 1 7 2 1 221 1 Regions as described by Crosby et al. (1998) Site not surveyed during that particular survey or year. Brown rot and apple/Asian pear rust surveys were done simultaneously on apples and pears.
Grower organisations and local councils were contacted to obtain lists of growers (orchardists and nurserymen) and public gardens. Survey sites were then selected randomly from these lists. Owners of individual properties were contacted to gain approval to survey and obtain data on plant numbers, types of crops and varieties grown, plant spacing, growing systems, and property location and ownership. Wherever possible, a detailed site plan of each property was obtained.
Sampling model
A model was developed to calculate the likelihood that an infected site will be detected in the survey based on the number or proportion of infected sites in the country, the proportion of plants infected at these sites, the likelihood that the infection will be detected if an infected plant is sampled, the number of sites visited and the number of plants sampled at each site. The model then calculates the likelihood that the pest or disease will be detected in the survey if the specified proportion of sites and plants are actually infected. A binomial distribution is used if the number of sites in the country or the number of plants at a site is very large; a hypergeometric distribution is used where the number of sites or plants is smaller. Table 2 outlines the number of sites and plants that would need to be sampled in order to detect plum pox if 1 of 535 orchards in New Zealand has at least 5% of trees infected with a 95% probability. The likelihood of an infected tree being correctly identified as such when sampled was assumed to be 45%, based on the chance of taking an infected sample from an infected, symptomless tree and the chance of an infected sample testing positive by ELISA in the laboratory. These data were used to extrapolate the time and costs required for a nation-wide survey (excluding any travelling time) for each target pest. Field and laboratory work Methods for plant examination and gathering data during inspections for each target pest, were tailored to the biology, epidemiology and host specificity of each organism. Sample points were identified for each pest and consisted of either a single plant (e.g. in apple orchards), small groups of plants (e.g. in wheat crops) or whole rows (e.g. in asparagus crops). At each site the times taken to prepare for the survey, inspect the plants, record results, collect samples, decontaminate gear and conclude the survey were recorded. Hygiene procedures to prevent any spread of pests between sites were strictly adhered too. The times taken to access and process the samples and identify the microorganisms were recorded. Costs associated with all aspects of the survey were noted. Field samples were not tested for plum pox so laboratory testing times and costs were estimated from post-entry quarantine testing for the disease.
RESULTS AND DISCUSSION
None of the selected HIEPs was detected during surveys of 221 sites throughout New Zealand over two years. However, detection was not expected since all pests were significant exotic organisms not known to be present in New Zealand. In addition, sample numbers were low statistically.
Depending on the pest, sampling relies on visual inspection and collection of suspect material, or in the case of plum pox, of randomly collecting leaf samples for ELISA testing. Diagnostic testing for various diseases ranged from simple visual or microscopic examination through to molecular techniques, which would be used to confirm the presence of a disease. The time taken to locate and inspect a sampling point varied from 1.09 minutes (for juniper plants in a nursery) to 42 minutes (chestnut trees in a park) (Table 3) . This variation was a result of the methodology used, the sampling intensity and the total area required to be inspected. In general, the time taken to locate and inspect individual plants did not vary much between the different hosts surveyed. This is probably a result of the actual host inspection time being small compared to the time required to walk and locate the plant. The exception was where whole rows were inspected (asparagus) or a small number of plants were inspected within a large area (e.g. surveying chestnuts in parks for yellow peach moth), both of which required considerably more time.
To extrapolate the data to a full national survey, the sampling model allowed the sample points and number of survey sites to be varied. This enabled detection of the target pest with a 95% level of confidence. Time and costs were also calculated for a 99% probability of detection (data not presented). Examining the extrapolated data, the number of hours required to inspect (including pre-and post-inspection times) varied from 0.8 (small number of hydrangea plants in a home garden) to 85.4 (large chestnut trees in a commercial orchard). This large variation in sampling time reflects the diverse range of pest types, sites and sampling techniques used to provide a uniform confidence of pest detection.
The time associated with processing and identifying pests in the laboratory varied depending on the pest and the protocols used for identification (complete data not presented). For example, it is estimated that 69,550 samples would need to be laboratory tested by ELISA for a 95% probability of detecting the first infection of plum pox in an orchard. These samples would require 20,865 hours of processing time.
The estimated total costs of surveillance and testing (excluding travel times) are presented in Table 3 and are calculated at $12/hour for field labour and $60-100/hour for laboratory costs and consumables. The high costs for plum pox and soil-borne wheat mosaic virus are associated with costly laboratory testing. Large numbers of samples would be required to be tested as plants can be symptomless and the serological methods required are time consuming and use expensive reagents. The costs for molecular testing of large number of samples for Pierce's disease and citrus canker are not included in the cost estimates. Therefore, survey costs could be considerably higher where large numbers of samples need to be tested.
Surveillance for serious exotic pathogens is of concern to other countries. For example, surveys for exotic pathogens have been conducted for Phytophthora ramorum in England and Wales in 2002 (Lane et al. 2003) , and Australia conducted surveys of East Timor in 2000 to identify potential threats to Australia (Weinert 2001) .
As a follow-up to these surveys MAF is now developing diagnostic procedures and incursion contingency plans for each of the HIEPs to improve preparedness for potential future incursions. Other counties are also developing diagnostic protocols for significant exotic pests. For example Australia has recently developed a protocol for Pierce's disease on grapes (Luck et al. 2003) . Contingency planning involves developing response protocols and involvement of industry, stakeholders and other interested parties. Assumed that 10% of sample points sampled and tested.
